Compared with eimerians in terrestrial hosts, piscine eimerians have received little attention despite their possible importance in coccidian evolution and systematics (Desser, 1981; Overstreet, 1981) and in the health of commercially important fishes (Dykovla and Lom, 1981; Overstreet, 1981). In these coccidians, the oocyst represents the most commonly encountered life cycle stage and the feature most frequently used to separate species. The ultrastructure of piscine coccidian oocysts, however, has been studied rarely.
In the present study, oocysts of Eimeria funduli Duszynski, Solangi, and Overstreet, 1979, were examined by transmission electron microscopy (TEM) in the naturally-infected Gulf killifish, Fundulus grandis Baird and Girard. Eimeria funduli primarily infects hepatocytes of killifishes, requires the grass shrimp Palaemonetes pugio Holthuis to complete its life cycle, and sporulates within host tissues (Solangi and tine TEM. This study reports that E. funduli lacks a true oocyst wall, that the sporocyst lacks a Stieda body, and that the sporocyst wall has a narrow fissure through which sporozoites probably excyst.
MATERIALS AND METHODS
Naturally-infected F. grandis were collected in minnow traps from Halstead Bayou in Ocean Springs, Mississippi. After removing livers, we squashed fresh preparations between glass slides to confirm the presence of sporulated oocysts. In initial stages of the study, oocyst-containing livers were minced with a razor blade, fixed in 0.1 M phosphate-buffered 3% glutaraldehyde for 1 to 3 hr, rinsed 1 hr to overnight in phosphate buffer, postfixed in phosphate-buffered 1% osmium tetroxide for 2 hr, rinsed briefly in buffer, and dehydrated in a graded series of ethanol. Following treatment with propylene oxide, tissues were embedded in Embed (Epon) 812.
Because of resistance of the oocysts to fixation and embedment, we employed a modification of the double sectioning technique of Birch-Andersen et al. (1976) . Oocyst-containing livers, mounted with Ames O.C.T. embedding compound on a metal chuck and frozen with liquified carbon dioxide, were minced with a single-edged razor blade that had been cooled with carbon dioxide and held with a pair of locking pliers. Minced tissues were allowed to thaw in 0.1 M phosphate-buffered 3% glutaraldehyde and then fixed in the same solution for 1 to 3 hr. Tissues were subsequently processed as described above. To find suitable oocysts for thin sectioning, thick (1-2 ,um) sections were cut with an LKB Ultratome, mounted on glass slides, and stained with toluidine blue. Thin sections were cut with a diamond knife, mounted on uncoated, copper grids, stained with uranyl acetate and lead citrate, and examined in a Siemens Elmiskop 1A electron microscope.
RESULTS
In squash preparations, most sporocysts and sporozoites appeared fully developed. Sporocysts usually collapsed in tissues processed by conventional techniques, probably because of poor infiltration of embedding medium. However, cryo-processing gave much better results. Whereas some sporocysts collapsed, many sporocysts, as well as host cells and noninfected liver parenchyma, were preserved satisfactorily. In epoxy-embedded thick sections, oocysts appeared spherical (about 21 ,um in diameter), with the oocyst wall usually abutting the host cell. However, the oocyst wall was often torn away from the host cell (Fig. 1) . In some sporocysts with uncollapsed walls, the sporozoites appeared poorly preserved and shrunken, whereas in others the sporozoites were well-preserved and completely filled the sporocyst. Sporocysts with uncollapsed walls were ovoid (about 7 A,m X 4 Am) and contained two sporozoites. A bulge occurred at the posterior pole of the sporocyst (Figs. 1, 2) . This bulge resembled a Stieda body but, as described below, it did not have the ultrastructural characteristics of a true Stieda body. Depending on the plane of section, the posterior pole appeared either sharply pointed (Figs. 1, 2 ) or somewhat rounded (Fig. 2) . The anterior end of the sporocyst was rounded, regardless of the plane of section (Figs. 1, 2) . Projections of the sporocyst wall, the sporopodia, appeared to support a thin membrane that approached the surface of the sporocyst at the anterior end. In some views of sporocysts, a gap could be seen at the anterior pole (Fig. 1) . In heavily infected livers, oocysts occurred in groups separated from uninfected liver by empty spaces or enclosed by a connective tissue capsule.
A thin ring of host cell cytoplasm completely surrounded each oocyst (Fig. 3) . The host cell nucleus was compressed to conform to the spherical oocyst. The oocyst wall (about 25 nm thick) consisted of two unit membranes separated by a space adjacent to the host cell cytoplasm (Fig.  4) . The outer membrane of the oocyst wall limited the host cell cytoplasm. A narrow space separated this membrane from the inner membrane which faced the oocyst contents. In some specimens, especially those processed by conventional techniques, dense material adhered to the oocyst side of the inner membrane, making it variably thicker than the outer membrane. In cryo-processed oocysts, however, the two membranes appeared nearly equal in thickness. Often, all three layers of the oocyst wall separated from the host cell, especially in routinely-processed tissues. The space between the inner membrane of the oocyst wall and the outer membrane of the sporocysts sometimes contained cellular debris or flocculent material. A three-layered membranous "veil" (about 10-20 nm thick) that consisted of two unit membranes surrounded each sporocyst (Figs. 3, 8, 9 ). Clear, homogeneous material that in fresh preparations appeared to fill the space between the veil and sporocyst wall did not appear in electron micrographs, apparently having been lost during preparation.
The sporocyst wall (130-150 nm thick) was regularly organized and uniform in thickness except where it gave rise to sporopodia and where it thickened at the posterior pole. The sporocyst wall consisted of a thick, electron-dense, inner layer (about 120-130 nm thick) lying beneath a thin, electron-lucent, outer layer (about 10 nm thick) that had a thin, superficial, electron-dense coating (Figs. 5, 6 ). In sections through the long axis of the sporocyst, the inner layer of the sporocyst wall appeared homogeneous. However, in some planes the inner layer had regular transverse striations with a period of 12 to 15 nm (Fig. 5) . In other planes, transverse striations with a period of 3 to 4 nm could be seen (Fig. 6) . Sporopodia, which had the same layers as the sporocyst wall, but which did not appear transversely striated, terminated in knoblike swellings (Fig. 7) that often apposed the sporocyst veil.
Various planes of section through the sporocyst revealed an opening or fissure that appeared to extend about one-third the length of the long axis of the sporocyst. Longitudinal sections perpendicular to the fissure showed that it was widest (about 0.3 um) at the rounded, anterior pole of the sporocyst (Fig. 8) . There, the fissure was bridged by the sporocyst veil which was attached to the outer lips of the sporocyst wall at the edges of the fissure and by a thin deposit of dense material that accumulated on the inner aspect of the fissure (Fig. 9) . In other regions, sporopodia held the membranous veil away from the surface of the sporocyst. In cross-sections of the sporocyst, the fissure gradually narrowed to a suture often with some intervening dense material that appeared to be derived from sporocyst contents (Fig. 10) . Superficially, a short projection of the sporocyst wall often indicated the location of the suture (Fig. 10) sections that paralleled the fissure, the bulge apIn sections perpendicular to the fissure in the peared as a ridged structure (Fig. 12) . Sporopodia sporocyst wall, the bulge at the posterior pole occurred at the boundaries of the ridge (Figs. 12,  appeared pointed (Figs. 8, 11 ). This bulge was 13). mainly a thickening in the inner layer of the spoWe did not achieve optimal preservation of rocyst wall (Fig. 1 1) and there were no anlagen of rhoptries or micronemes. Sporozoites had a conoid and an anterior polar ring system, numerous small amylopectin (polysaccharide) granules (about 90 nm diameter) (Fig. 11) , a few lipidlike bodies (about 0.4 Am diameter), and a large (about 2 ,tm diameter) refractile body (Figs. 8, 11, 12, 13) . Foci of ribosomelike granules occurred throughout the sporozoite (Fig. 11) . Cross-sections of sporozoites showed approximately 32 subpellicular microtubules (Fig. 10) . In addition to the two sporozoites, some sporocysts contained residual material consisting of lipidlike bodies and amylopectin granules (Fig. 11) . (1981) proposed that piscine coccidians be classified according to, among other characteristics, the organization of the sporocyst wall. They placed species in which sporocysts lack a Stieda body and have a wall consisting of two valves joined along a meridional suture within the genus Goussia Labbe, 1896. The three piscine coccidians, E. variabilis, G. gadi, and G. degiustii, that have been studied ultrastructurally generally conform to these characteristics. In E. variabilis, Davies (1978) identified Stieda bodies by light microscopy and attributed their absence in TEM preparations to the early developmental stage of the examined sporocysts. However, the TEM micrograph by Davies showed sporocyst walls to have a short papillalike projection similar to the one that occurs where the lips of the fissure in the sporocyst wall of E. funduli join. Therefore, the possibility exists that the Stiedalike body seen with LM in E. variabilis is actually similar to the posteriorly-located structure in E. funduli. Neither Stieda nor Stiedalike bodies were reported in sporocysts of G. gadi by Odense and Logan
DISCUSSION

